Carrier-mediated transport of folate compounds in L1210 cells. Initial rate kinetics and extent of duality of entry routes for folic acid and diastereomers of 5-methyltetrahydrohomofolate in the presence of physiological anions.
Comparison of the kinetic parameters for influx of highly purified [3H]folic acid versus [3H]methotrexate in L1210 cells under anionic buffer conditions showed a marked discordancy. In addition, the kinetics for influx of [3H]folic acid were unchanged in variant L1210 cells defective in [3H]methotrexate transport. In these variant cells, the Vmax for methotrexate was reduced 17-fold and the Km was increased 3-fold. The results show that [3H]folic acid influx is mediated by a system which has a low affinity, but a 20-fold higher capacity, for folate compounds than the classical high-affinity system mediating [3H]methotrexate influx. Since the latter system also exhibits very low affinity for [3H]folic acid, it would not be expected to contribute significantly to the total influx of [3H]folic acid. The high-capacity system for [3H]folic acid influx is different from that believed to mediate pterin influx in L1210 cells since it was not inhibited by adenine, a potent inhibitor of pterin influx. However, exposure of cells to [3H]folic acid in a nonanionic buffer resulted in marked stimulation of initial influx, and a fraction of influx under these conditions was inhibited by methotrexate. These results suggest that anions modulate the extent of multiplicity of [3H]folic acid influx by their known effects on the high-affinity, reduced folate/methotrexate system. The diastereomers, at carbon 6, of [14C]5-methyltetrahydrohomofolate shared both transport systems. The influx Km for the natural diastereomer was one-half that of the unnatural form for both transport systems. Both diastereomers showed a much greater differential in affinity between the two transport systems than did [3H]folic acid. Our results suggest that an analog which could be effectively transported by the low-affinity/high-capacity route may be useful in the treatment of tumors resistant to methotrexate due to a defective high-affinity/low capacity influx system. We also found that incubation of L1210 cells with [3H]folic acid or the natural diastereomer [14C]5-methyltetrahydrohomofolate for 10 min resulted in the formation of a nonexchangeable fraction of radioactivity amounting to 20-40% of the total accumulation. This non-exchangeable fraction may be explained by the accumulation of metabolites other than polyglutamates. Preloading of cells with methotrexate prior to incubation with [3H]folic acid prevented the accumulation of radioactivity as a nonexchangeable fraction.